Due to the growing trend of world economic globalization and "The Belt and Road" initiative 38 launched by the Chinese government, transnational public-private partnership (TPPP) has become 39 a crucial way for construction and investment companies to invest in other countries. However, 40 investing in another country for PPP projects is not free of risks, due mainly to the unfamiliarity 41 with different environments and conditions. This paper aims at identifying and evaluating risk 42 factors in TPPP projects. Drawing on the X hydropower project, the identified 22 critical risk factors 43 affecting the TPPP project were assessed by industry experts who had direct involvement in the 44
which one alternative is better than others (Herrera-Viedma et al. 2007 ), or they are unable to express 157 their preferences accurately because of the lack of sufficient knowledge of the alternatives (Mitchell 158 2004) . It is possible that decision makers are not sure to provide preferences between the alternatives 159 and providing an accurate certain preference degree (Deschrijver and Kerre 2003) . IFS is a useful 160 method to solve this problem, which has become popular in a broad range of areas, such as decision Table 1 . Table 1 shows the extensive 168 application of the IFAHP method and its versatility in modelling and decision-making processes in 169 practical and complex multicriteria problems. Sadiq and Tesfamariam (2009) adopted the IFAHP 170 method in environmental decision-making under uncertainty. Kaur (2014) applied the IFAHP in 171 solving the vendor selection problem. 172
Especially in the PPP industry, risk estimation is confronted with challenges such as shortage 173 of data. In such cases, subjective estimations were made by experts with practical knowledge in the 174 field of interest. In some situations, the decision makers might be reluctant or unable to assign the 175 crisp evaluation values to the comparative judgements due to their limited knowledge. IFAHP is a 176 useful way to handle the subjective preferences of experts in assigning the evaluation values to the 177 risk evaluation. (Nguyen 2016) . Therefore, in this study, IFAHP was applied to handle both the 178 vagueness and ambiguity related to uncertainties in the risk factors evaluation and ranking in TPPP 179
projects. 180
Please insert Table 1 here 181
182

Research Method 183
The Framework of IFAHP Used in Risk Assessment 184
This research was carried out step by step, with the process shown in Fig. 1 . In stage 1, literature 185 review was used to identify the risk factors, then the risk factor list was revised and categorized in 186 stage 2. In stage 3, questionnaire was applied to collect data from experts who have experience and 187 knowledge in the TPPP project. The experts were asked to assess each factor based upon two 188 dimensions -probability and severity, using intuitionistic fuzzy set to provide their preferences for 189 the alternatives. After that, evaluation index system was set up for the risk factor probability and 190 severity, respectively, in stage 4. In stage 5, the consistency index was checked and adjusted. In 191 stage 6, the weighting functions were calculated and integrated. The risk factor impact could be 192 calculated using the multiplication formula based on the grade of possibility and severity. 193
Please insert Fig. 1 here 194
Identification of Risk Factors 195
Identification of risk factors in TPPP projects is the initial stage to achieve the project success. One 196 important method of risk identification is to develop a risk checklist (or catalogue) (Bing et al. 2005) . 197
In the current study, a two-step method was applied to establish the risk factor list of TPPP projects. Thirty-seven papers related to risk factors of TPPP projects were identified from the Scopus database, 201 which were comprehensively reviewed to identify 42 risk factors (Yu et.al., 2017) . 202
Establishing a IFAHP Tool for Evaluating TPPP Projects Risk Level 203
Step 1: Set Up the Evaluation Index System 204 To develop the IFAHP method, the risk factor evaluation is provided. Step 2: Build the Intuitionistic Fuzzy Judgment Matrix 210
Intuitionistic fuzzy judge matrix is generated using pairwise comparisons. All the pairwise 211 comparison judgments are represented by IFVs (intuitionistic fuzzy value), so the intuitionistic 212 preference relation can be obtained naturally. Xu (2007) In this study, two dimensions were used to evaluate the risk impact, including occurrence 221 possibility and severity. The comparison matrix was adopted two times to measure the possibility 222 and severity respectively. 223
In this round of the occurrence possibility survey, each expert has to provide the evaluation of 224 possibility in five comparative matrixes, respectively for the first level of risk categories, 225 financial/commercial risk category ( , legal and socio-political risk category ( , technical and 226 natural risk category ( , partnership risk category ( . It is similar to measure the severity. 227
After all experts provide their evaluation matrixes, each matrix will be adopted into the 228 consistency checking, and then the arithmetic average of each participants' score is the final matrix. 229
Step 3: Consistency Checking 230
In the pairwise comparisons, consistency checking cannot be ignored due to that inconsistency of 231 preference relations might result in misleading solutions. Each original matrix provided by the 232 participants in the questionnaire survey has to be checked for consistency. Saaty (1988) provided a 233 methodology to check the consistency for conventional AHP. However, if the preference relation is 234 lacking consistency, evaluation makers have to re-evaluate the preferences, due to the fact that the 235 method cannot repair or improve the inconsistent preferences by calculation of the original data. 236
Following this research, Kwong and Bai (2003) , Chan and Kumar (2007) used the similar way to 237 check the consistency in fuzzy AHP. In this study, another method was used to check the consistency 238 of the preference relations in IFAHP, which was originated from Xu and Liao (2014) . This approach 239 has the advantage to check the consistency of an intuitionistic preference relation and then repair 240 and improve it until consistency is achieved. The consistency checking formula is as follows: 241
where , is the distance between given intuitionistic preference relation and its 243 corresponding perfect multiplicative consistent intuitionistic preference relation . 244 
267
Where σ is a controlling parameter, which means the relation between and and decided by 268 the participants who provided the original preference relation matrixes. The smaller of the σ value 269 means the closer between to . Especially When σ 0, ; when σ 1, . 270
Based on the aforementioned analysis, an automatic algorithm to repair the inconsistent 271 intuitionistic preference relation can be developed. 272
Where is the number of iterations, let Step 4: Calculate the Weighting Functions
285
The n-dimensional vector , , ⋯ , obtained from the multiplicative preference relation, 286 where is the weight which accurately represents the relative dominance of the alternative 287 among the alternatives in . 288
This method is quite different from methods used in AHP and FAHP, and it does not influence 290 the extension of the original AHP method (Xu and Liao 2014) . 291
Step 5: Integrating the Information 292
The fifth step of the IFAHP is integrating the information calculated from previous steps. All weights 293 from the lowest level needed to be fused to the highest level based on the following operational rules 294 of IFVs (Xu 2007) . 295 Step 6: Rank the Impact Grade of each Risk Factor
298
Previous steps must be carried out two times for possibility and severity respectively. After compute 299 these two aspects, the impact of each risk factor can be derived by taking the square root of the 300 product of possibility and severity using flowing formula (Chan et al. 2014) : 301 .
302
Similarly, the IFV operational rules (formula (11) and (12)) should be used to calculate the risk 303
Each risk factor can get its evaluation IFV score after this step. Finally, Szmidt and Kacprzyk 306 (2009) proposed a function to calculate the overall weights of IFVs. 307
The smaller value of the means the higher value of the IFV. After calculating the , 309 all the risk factors can be ranked in this study based on the impact value of each factor. 310
Application of the IFAHP in a Power Plant Project 311
After having presented the proposed methodology, in this section, the results of an empirical case 312 study conducted in a TPPP project will be provided. The actual name of this case is not given for 313 confidentiality reasons; thus, it will be called Project X in this study. 314
Project Background 315
The practical case applied in the current research is a power plant project in a southeast developing 316 country, which is a BOT (Build-Operate-Transfer) project invested by a Chinese construction 317 company. A background information of the project is provided in Table 2 . 318 Table 2 here 319
Please insert
Identification of Critical Risk Factors in Project X 320
After a comprehensive literature review on critical risk factors for TPPP projects (Yu et. al., 2017) , 321 there are 42 critical risk factors identified in general TPPP projects. Based on project X, through 322 primary documentary review of contract documentation, country and market report, secondary 323 documentary analysis of industry and professional reports, and newspaper articles, 22 risk factors 324 were identified which might be related to this project and they were grouped into four major 325 categories, namely (1) financial/commercial risk category, (2) legal and social-political risk category, 326 term contract between public and private stakeholders. To make this identification and 331 categorization more reasonable, financing, construction, operation and revenue package of the 332 project X were also referred to (Ameyaw et al. 2017). Table 3 summarizes the risk factors identified 333 and grouped for the questionnaire survey. 334 Table 3 here 335
Please insert
Participants and Survey for Risk Assessment 336
Questionnaire survey is an effective technique for soliciting experts' perceptions (Spector 1994 projects risk ranking team to assess the risk factors using a fuzzy multi attribute decision making 355 model. These previous researches support the reliability of the limited sample. 356 Table 4 summarizes the participants' profiles. Given the participants' years of working 357 experience in TPPP and their participation in and familiarity with the TPPP project under study, 358 their views were representative for this study to analyse the degree of probability and severity of the 359
TPPP risk factors. 360
Given the public sector's location outside China and time limitations, the questionnaire was 361 delivered online to the expert from the Ministry of Industry and Mineral Resources of C country. 362
However, for other four experts in China, the questionnaire was delivered in person, and respondents 363 were doing the interview and questionnaire face to face with authors. 364 Table 4 here 365
Please insert
The Process of Risk Assessment Using IFAHP 366
This study adopted the IFAHP method in questionnaire to collect measurement data for each risk 367 factor from two dimensions (occurrence possibility and severity). Taken the process of evaluation 368 the possibility as an example, each participant in the questionnaire survey has to provide the 369 evaluation in five tables, respectively for the first level of risk categories, the specific risk factors 370 for financial/commercial risk category ( , legal and socio/political risk category ( , technical 371 and natural risk category ( , partnership risk category ( . In each comparison matrix, decision 372 makers need to develop an IFV to describe the preferences between alternatives. The 0.1-0.9 scale 373 satisfies the reciprocal condition as can be seen in Table 5 . 374
Please insert Table 5 here 375
After all these experts provide their evaluation matrix, each matrix will be adopted into the 376 consistency checking, and then the arithmetic average of each participants' grade is the final matrix. 377
Step 1: Build the Intuitionistic Fuzzy Judgment Matrix 378
In this study, two dimensions were used to evaluate the risk impact, including occurrence possibility 379 and severity. The questionnaires survey was adopted two times to measure the possibility and 380 severity respectively. Five experts responded these tables respectively to show their intuitionistic 381 measurement of each risk factor of this power plant TPPP project. Taking the expert 1 as an example, 382 the intuitionistic preference matrix can be seen in Table 6 to 10. 383 Table 6 to 10 here 384
Please insert
Step 2: Consistency Checking 385
Absolute consistency cannot be achieved because of the subjective judgement of experts. However, 386 it is necessary to ensure reasonable consistency of pairwise comparisons according to the numerical 387 equation of consistency checking. The intuitionistic preference relation constructed by the experts 388 are always with unacceptable multiplicative consistency due to the lack of knowledge or the 389 difficulty of discriminating the degree to which some alternatives are more serious than others. 
Step3：Calculate the Weighted Matrixes 410
After all the comparison matrixes of each expert passed the consistency checking, theses 411 measurement information was collected together to obtain the weight of each risk factor. We 412
were used to calculate the weighted average R : 
420
All the weighted matrixes followed the same process to get the outcome. 421
Step 4: Integrating the Information 422
In the following step, the deriving priority vector of each acceptable consistent intuitionistic 423 preference relation can be counted. 424
By using equation (9), the weights of each risk factor group and each risk factor alternative can 425 be shown in table11. 426 Table 11 here 427
Please insert
428
Then based on the . , applying the IFS calculation 429 rules, the final IFS of the impact of each risk factor in this project were counted, and the was 430 calculated by equation (13) (Shown in Table 12 ). The smaller the value of ρ , the greater the 431 IFV in the sense of the amount of the information. The Table 12 shows the ranking with detailed 432 scores of each risk factor for this TPPP project using the IFAHP methodology. 433 Table 12 here 434
Please insert
435
Discussion 436
The results in Table 12 shows that the top five risk factors in TPPP projects were technology risk, 437 natural environment risk, construction risk, administrative risk, and political risk. These five risk 438 factors are discussed below. 439
Technology Risks 440
Technology was assessed as the top-ranked risk among the risk factors in X project (Table 12 ). This 441 suggests that TPPP projects involve complex technologies that could pose serious risk to the project. 442 This is critical because potential technology difficulty is necessarily existing in the X project and 443 might related to every TPPP project. For example, lack of innovation in design (Babatunde et al. Technology risk adversely affected X project because in this project the geological prospecting data 447 and the feasibility study report provided by the local government were not accurate and specific. 448
After winning the contract, the private sector hired a professional team to undertake the geological 449 survey again, and provided reasonable suggestions for engineering technology and design. Therefore, 450 the technology risk seriously impacted the TPPP project in terms of cost and time. 451
Natural Environment Risk 452
The risk regarding environment of the host country reminds the investors of TPPP projects to 453 comprehensively investigate the natural conditions of the project location before implementing or 454 even before considering the project. The result indicates that the risk assessment team is highly 455 concerned with the natural environment of the X project. In this project, the seasonal shortage of 456 river water resources is one of the serious environment problems, which might lead to the lack of 457 energy supply. Moreover, this hydropower station is in the tropic area, with changeable climate, 458 horrible snakes, and mosquitoes, and it is possible to occur landslide or other adverse events. 459
Another primary reason is that because C country was under war with neighbouring country for 460 many years, the host country's jungle is full of landmines. According to local media reports, these 461 mines cause about 200 casualties every year. This situation caused problems for the reconnaissance 462 and construction. To insure the safety for workers, host government sent some soldiers to check the 463 exploration area, the construction area, and the reservoir area, finally dug more the 500 landmines. 
Construction Risk 472
The project hints that the risk assessment team is more concerned with the construction stage than 473 the operation stage. X project is in the southwest of C country, and it is 15 kilometres away from a 474 
Administrative Risk 487
Ranked fourth, the risk regarding administration reflects the complexity of conducting PPP project 488 in another country. This finding suggests that different countries have various administrative 489 systems, which might easily cause conflicts during the cooperation among different stakeholders. 490
Policies such as import equipment or materials, restriction on land acquisition have serious impact 491 on the project. 492
In this case, X Project Company did not consider the strict policy of import materials, so some 493 materials were seized by customs, which led to project delays. To solve administrative problems, 494 supports from governments are important. For X project, on the one hand, during the whole 495 development and implementation period, the relevant Chinese government departments, the Chinese 496
Embassy in C country all helped to handle the relationship between Chinese-funded enterprises, 497 project companies and local governments, and China Export-Import Bank, China Development 498
Bank, China Export & Credit Insurance Corporation all support the project in terms of project 499
financing and guarantee. On the other hand, the C country government has given high attention and 500 strong support. To encourage the enthusiasm of Chinese enterprises, the host government launched 501 some project preferential policies, such as tax exemption period, import tax exemption and so on. 502
The Chinese Prime Minister and the C Country Prime Minister attended the ground-breaking 503 ceremony, which demonstrates it as the largest and most dazzling "Star Project" in C country, and 504
shown the significance. 505
Political Risk 506
Political risk reminds the private investors of the difficulties in investing in foreign countries for 507 TPPP projects. In TPPP, private investors do business in politically sensitive sectors with local 508 powerful governments; thus, they need sound and legal political support to ensure fairness, 509 transparency, and long-term sustainability (Wibowo and Alfen 2015) . However, in most developing 510 countries, political instability affects infrastructure projects, leading to insufficient payment even 511 expropriation sometimes (Babatunde et al. 2015) . 512
For the project X, the political system of this host country is fragile, and there are contradictions 513 and disputes among different parties. The national risk of this host country in the China International 514
Trust and Investment Corporation (CITIC) insurance risk rating is in the eighth category, which 515 means that the political risk is high. That is, the political system affected by the strength of military 516 strength of the parties, result in the potential threat to the project. However, the current government 517 has been working on domestic political stability. Government implemented opening and free market 518 economic strategy, and attached importance to infrastructure projects. 519
Other potential political risk factors in the TPPP projects include political interference in the 520 procurement process, political reneging during such long period, the withdrawal of government 521 support network, the termination of concession by government, revocation, expropriation, 522 sequestration, or political force majeure events (Chou and Pramudawardhani 2015; Wang and 523 Tiong 2000). Based on the fair risk allocation principle, governments will benefit from retaining 524 most of the political risks (Lobina 2005) considering their ability to take on this responsibility. 525
526
Conclusions 527
This research identified and assessed the risk factors in a TPPP project using the IFAHP technique. 528
The methodology was explained step by step, and a hydropower case project X in country C showed 529 that the IFAHP method can be used to evaluate and prioritize risk factors in terms of their occurrence 530 possibility and severity. The risk assessment results showed that the top five risk factors in the TPPP 531 project were technology risk, natural environment risk, construction risk, administrative risk, and 532 political risk. This study provided a risk evaluation process, which would help industry practitioners 533 and stakeholders of TPPP projects, including the public and private sectors, to identify and measure 534 the risks in TPPP projects, to identify the most critical risk factors in a specific project, and to make 535 appropriate strategies to allocate and mitigate potential risks. 536
Although the research objective was achieved, some limitations of this study are worth 537 mentioning. The primary limitations of this research lie in the perception-based assessment of a set 538 of risk factors in a single case study and the small sample size of the risk assessment. The risk 539 assessment may not be representative of all TPPP projects. However, multiple methods, including 540 literature review and project documentary analysis, expert risk rating exercise, and IFAHP were 541 used for the risk assessment, which could be adopted in other TPPP projects for assessment of risk 542 factors. Another limitation is that this study does not explore the allocation and mitigation of the 543 identified risk factors. Moreover, while the present study relied on the literature for the identification 544 of the TPPP risk factors that were assessed in the present study, future research could ask industry 545 experts to also provide their ideas on what the risk factors are, following the literature review, in 546 order to improve the comprehensibility of the risk factor list identified from the literature review. 547
Such an effort may help to identify factors that are in practice but missing from the literature and 548 hence enrich the limited literature on TPPP risk factors. The above-mentioned limitations warrant 549 future research and should also be considered in interpreting and generalizing the study results. 550
Risk evaluation is a complicated task, in which the vagueness and uncertainty of experts are 551 almost unavoidable. The IFAHP method adopted in this study is suitable for dealing with the 552 uncertainties in expert judgements. To extend and validate the wider applicability of the IFAHP 553 technique and the identified risk factors, further research is required to test the applicability of the 554 risks across infrastructure sectors where TPPP is applied or increasingly considered by the 555 government or private sector. After evaluating risks in TPPP projects, allocating and mitigating the 556 risks are also important tasks for stakeholders in the risk management process (Ameyaw and Chan 557 2015a). The present study has evaluated and ranked the risk factors in a TPPP project using the 558 IFAHP technique. In the future study, strategies such as agent theory and real option analysis (Liu 559 and Cheah 2009; Luehrman 1998a; Luehrman 1998b) could be used to address the risks in TPPP 560 projects. Moreover, although this study aims to propose a generic process to evaluate the risk factors 561 in TPPP projects, it is equally important to note that the impacts of these risk factors could vary 562 depending on several factors, such as project type (e.g., highway, subway, port terminal, and water 563 treatment facility), and project size (e.g., small or mega projects). The present study focused on the 564 risk factors in a hydropower project. Future studies focusing on other types of projects might be 565 Determining the balance scorecard sheet metal industry
The IFAHP method was applied with Fuzzy Delphi to rank the factors in the balance scorecard and identify which area has to be given higher priority in the Balance Scorecard.
Nguyen (2016) Ship system risk estimation
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